Abstract: A number of ontology engineering methodologies have been proposed to date. Distinct methodologies rely on different techniques and activities for developing ontologies. The concept mapping technique has been recently used for developing ontologies related to different domains. However, the existing approaches using concept mapping do not make use of any automatic term extraction process to ease the overall ontology development process and their evaluation procedures are not robust to specifically meet the need for ontology designs emerging from concept maps. This paper proposes a new approach which uses the concept mapping technique coupled with a term extraction engine. The engine automatically extracts the candidate terms from the competency questions which reduces ontology development time and efforts. Furthermore, considering the importance of evaluation, a robust evaluation procedure is proposed which validates the ontologies at both the formal level and the graphical level.
This paper is a revised and expanded version of a paper entitled 'An approach for developing ontologies using concept mapping technique coupled with a term extraction process' presented at Proceedings of the Internet Technology and Society 2013 (ITS2013), Malaysia, 29 November to 1 December 2013.
Introduction
In the last two decades various ontology development methodologies have been proposed. Most of them emerged either as a result of experience gained during the development of ontologies for distinct projects, or proposed as a combination of activities based on a life cycle. Different methodologies focus on distinct aspects of ontology development. For instance, some methodologies may put more stress on the requirements elicitation phase or defining the ontology scope while some may focus more on ontology implementation, its evaluation and reusability.
Over the years, practitioners of the field adopted techniques from different areas to make the ontology development process more effective and intuitive. Recently, the concept mapping technique has been employed in some studies for developing ontologies. Initially, the concept maps were used in the field of education and learning but soon it got popular in other areas because of its flexible and intuitive nature. The effectiveness and usefulness of concept maps have been validated through different experiments.
The concept maps can be defined as a simple graphical representation to show meaningful relationships between two or more concepts linked together (Novak and Cañas, 2008; Soares and Sousa, 2008) . The relationships can be effectively represented by using linking words which form a semantic unit (Novak and Cañas, 2008) . For instance, if there are two concepts, 'car' and 'driver'. They will be connected to each other using the linking word 'drives'. The concepts are usually represented as boxes or circles and the relationships are represented using lines or arcs.
Besides the field of education and learning, concept maps have been found as an effective tool to increase communication in corporate environments (Starr and de Oliveira, 2013) . It has also been reported that concept maps have also been used in a knowledge representation system for creating annotations to technical documents (Starr and de Oliveira, 2013) . In the field of ontologies, concept maps have been explored and used for facilitating different aspects of ontology development.
A prominent reason and advantage of opting concept maps for developing ontologies is the structural resemblance it has with the hierarchal structure of ontologies. For this reason, they can be effectively used as a knowledge acquisition tool, and as an intermediate representation for developing and visualising ontologies.
Therefore, exploiting the benefits of concept maps, this paper proposes an approach for developing ontologies which focuses to reduce development time and efforts using an extraction engine. Moreover, a robust procedure for evaluating ontologies is also proposed.
Related works
Recent studies have reported the use of concept maps in the field of ontologies. Work by Castro et al. (2006) and Novak and Cañas (2008) have reported that concept maps can be effectively used for developing ontologies in a collaborative environment by experts who are spread at distinct remote locations. It was found that it successfully facilitated the sharing of knowledge and bridged the communication gap between experts and knowledge engineer.
In the work by Gómez-Gauchía et al. (2004) concept maps are used for developing ontologies in OWL-DL. In this work, they are used as a means of graphically representing the ontology. However, the knowledge engineer has to handle the syntax errors at his end. Systems reported by Hayes et al. (2003 Hayes et al. ( , 2005 allow users to exclude any unimportant information. These systems make use of heuristics for transforming URI's and use English like terms instead of using OWL operators.
The work reported by Chaudhri et al. (2004) and Clark et al. (2001) allow experts to update knowledge in a knowledge base by using graphical representation. These systems demonstrated encouraging results. However, prior training by users is required before using the system. Another system (Dimitrova et al., 2008) uses the notion of controlled natural language (Rabbit) for guiding experts for ontology development. Similar to Chaudhri et al. (2004) and Clark et al. (2001) , this system also requires training by users. This system facilitates the users for developing ontologies in different ways. For instance, prompts errors when using controlled language and allows tracking classes that have been mentioned.
Similarly, tool proposed by Brilhante et al. (2006) and De Macedo (2007) is a step ahead in the same direction. The proposed tool automatically converts the concept maps to OWL ontologies. The experts create the concept maps and then a knowledge engineer uses the tool to perform conversion of maps to ontologies. Finally, the resulting ontologies from the tool are inputted in another tool for performing ontology alignment. However, this system needs a knowledge engineer to perform the conversion of concept maps to ontologies.
In order to overcome the need of a knowledge engineer for performing the conversion of concept maps to ontologies another method is proposed by Starr and de Oliveira (2013) . The proposed method is used as the first step in the knowledge acquisition process. This method uses concept maps as a means of defining domain knowledge by experts, followed by an application that analyses the concept maps using a set of questions. These questions are based on the hierarchy of the map and the keywords used by the expert. The answers to these questions lower the map ambiguity and allow the expert or the knowledge engineer to further improve the map.
Most of the works discussed above use concept maps assuming that the concepts and relationships have already been identified by the experts or the knowledge engineers. Practically speaking, it is itself an important task to carry out which requires both time and efforts. This aspect has found to be neglected in existing works. Similarly, ontology evaluation is an important aspect of ontology development which makes sure that the resulting ontology fulfils the requirements for which it was developed. This aspect has been addressed in some existing works in a general manner. However, there is a need to introduce a robust ontology evaluation phase in the ontology development lifecycle which is tailored to specifically deal with ontology designs emerging from concept maps.
Therefore, in order to address the shortcomings in the existing approaches we propose an approach for developing ontologies which include an automatic term extraction process followed by the development of concept maps, using the extracted terms. The proposed approach automatically extracts the terms from the competency questions developed in the initial phase. Moreover, after implementation the ontology is subjected to a robust evaluation procedure, which is specifically tailored to comply with ontology designs emerging from concept maps.
Proposed approach
There is not just one correct approach to develop ontologies. The practitioners of the field of ontologies support the notion of merging different methodologies and techniques together. This opens door for new and different design ideas (Brusa et al., 2008) . With this motivation this paper proposes an approach for developing ontologies using concept maps coupled with a term extraction process. Unlike previous approaches, the proposed approach automatically extracts out the concepts and relationships from the competency questions developed in the first phase. Later, the extracted terms are used to construct the concept map. Figure 1 shows the different phases of the proposed approach. The details of the approach are mentioned below. 
Elaborating the motivation scenarios and competency questions
It is very important to find out the motivation behind developing an ontology. This motivation can be very effectively expressed using the motivation scenarios. First, the motivation scenarios are needed to be defined. They are artefacts which describe the expectations which the resulting ontology should fulfil (Brusa et al., 2008; Gruninger and Fox, 1995) . They help to visualise the entities and relations at an early stage which eases the further steps in ontology development. The motivation scenarios can be easily represented using the use case template in object oriented methodology. After describing the motivation scenarios, the next step is to come up with a set of competency questions derived from the motivation scenarios (Gruninger and Fox, 1995) . They are detailed description of the motivation scenarios and are written in natural language. They are like a requirements specification document for the ontology to be developed. The implemented ontology is expected to answer these questions. Furthermore, competency questions are a useful source for identifying concepts, relationships, assumptions, constraints, and other necessary information for the final ontology (Gómez-Pérez et al., 2004) . A glance through these questions allows the reader to visualise the kind of domain knowledge which will be encapsulated by the implemented ontology.
Automatic extraction of potential terms from the competency questions
As mentioned earlier, competency questions provide a base for identifying the concepts and relationships. A concept can be defined as a perceived regularity in events or objects, or records of events or objects, designated by a label which is mostly words (Novak and Cañas, 2008) . Relationships can be defined as linking words connecting two or more concepts. In this phase a term extraction engine is proposed which will perform automatic extraction of candidate terms (concepts, instances and relationships) from the competency questions.
The proposed engine is based on part-of-speech (POS) tagging coupled with pattern based extraction techniques. As the competency questions are a set of well-structured sentences, they work effectively with the aforementioned techniques. In order to detect concepts and instances, all nouns and noun phrases are extracted by the engine. In addition, it also makes use of the Lexico-Syntactic patterns (Hearst, 1992) to extract any candidate concepts or instances occurring in the text. Lexico-Syntactic patterns are based on identifying hyponym relationships. The patterns are defined as below. (and | or) other π (C can ).
In the patterns defined above (C can ) stands for candidate concept and (i can ) stands for candidate instance. The symbol (π) is denoted for plural.
For relationships, the engine supports the 'part-of' relationship extraction. The engine uses the patterns proposed by Hearst (Hourali and Montazer, 2012) The part presented in BOLD is detected as a relationship and the noun phrases (NP) as its related concepts or instances. Apart from the aforementioned patterns, there are some more patterns which are added to the engine. These patterns were identified by the authors based on general usage of terms in text. They are mentioned below. The '→' symbol in the patterns defined above means 'followed by'. In case, if such a pattern is detected in the corpus, the part of pattern presented in BOLD is detected as a relationship and the noun phrases (NP) as its related concepts or instances. Many examples can be found in text which complies with the aforementioned patterns. For instance, 'The dog belongs to Jack', 'Tom has a bicycle' and 'Car is a vehicle'.
The engine eases the work of humans (experts, knowledge engineer) by automatically extracting the candidate terms. It expedites the term identification phase, saving time and efforts. Figure 2 presents the output of operations performed by the proposed engine. However, it is recommended that the list of extracted terms should be quickly looked over by the knowledge engineer. This is to assure that most of the domain concepts and relationships have been extracted. In case, if any candidate term is missing, it can be added now or during the next phase by the map architect. 
Construction of concept map
After the candidate terms have been extracted it has to be utilised for constructing the concept map. In this phase a concept map has to be constructed. The concept map can be constructed using a tool, like Cmap Tools (2013) . The tool is easy to use and learn, it takes almost no time to become familiar. There are a variety of ways to construct or pose a concept map. The methods vary from each other depending on the restrictions and information provided (Buzzetto-More, 2007) .
It is linked to the dimension of 'directness'. If the map architect is given complete liberty for deciding the number of concepts, relations and their labelling than they are known as 'low directed task'. In contrary, if the architect is provided with predefined set of concepts and relationships than such cases are known as 'highly directed task' (Buzzetto-More, 2007). The concept map constructed in this phase will be a 'highly directed task' because the map architect is restricted to create maps with a list of predefined terms. However, if the architect feels necessary to add any term/terms, he/she is permitted to do so depending on the scenario.
Transforming the concept map to ontology
After the concept map has been constructed the next step is to enable efficient transfer of knowledge from the map to the ontological form. In order to carry out this transfer of knowledge efficiently a set of tasks is proposed. The set of tasks is as mentioned below.
• describing ad hoc binary relations
• describing instance attributes
• describing class attributes
• describing instances.
Describing ad hoc binary relations
The objective of this task is to describe details about all the relationships present in the concept map and produce a table representing them. For each relationship, its name, the names of the source and target concepts, its cardinality, its inverse relationships and its mathematical properties must be specified.
Describing instance attributes
The goal of this task is to provide the description of all the instance attributes (also referred as data properties) existing in the concept map. Each row of the instance attributes table will contain details for an instance attribute. The details for each instance attribute will include: its name, the concept it belongs to (attributes are local to concepts), its value type (string, Integer, float, etc), its measurement unit, precision, range of values or default values if they exist, and cardinalities (1 to 1, 1 to N, N to N).
Describing class attributes
This task aims to describe the details of all the class attributes included in the concept map. Every individual row of the class attributes table manifests the detailed description of every class attribute. The class attributes define concepts and take their values in the class where they are defined. In order to fill in detail for each class attribute, the following information is required: name, name of the concept where the attribute is defined, its value type (string, integer, float, etc.), its actual value ('Adam', 24, 0.34, etc.), measurement unit (KG, Liter, Seconds, etc.) and value precision (when dealing with numeric values), cardinalities (1 to 1, 1 to N, N to N).
Describing instances
Finally, the relevant instances occurring in the concept map must be defined inside the instance table. For defining each instance, the following information is required: name, the name of the concept it belongs to, attribute name and the values of attributes.
The output from these tasks is obtained in a tabular form. The knowledge of the tables is then used by the knowledge engineer to implement the ontology. The ontology can be implemented using any ontology editor, like Protégé IDE (2013) . The Tabular output also serves as a precise documentation. This documentation (tabular output) can be later used for different purposes. For instance, this documentation can be effectively used for versioning, maintenance and reuse.
Evaluation of the ontology
Once the knowledge engineer implements the ontology using an ontology editor, it is subjected to evaluation. The goal of evaluation is to check whether the implemented ontology is complete or correct and it fulfils the goals for which it was anticipated to meet. Considering the importance of evaluation, this approach proposes a robust evaluation procedure in which ontologies are validated at both the formal level and the graphical level. For performing validation it is necessary to have a reference frame (Brusa et al., 2008) .
For the case of formal validation, the competency questions are used as a reference frame. This allows validation to be performed effectively at the formal level in a sequential and logical fashion. In order to materialise formal level validation, the natural language competency questions (prepared in the first phase) have to be formalised into their equivalent formal query language format. This approach recommends using description logic (DL) as the formal query language.
After transforming the competency questions to their equivalent DL queries they should be executed to check the correctness of the ontology. This can be done using the DL-Query Tab available in Protégé IDE. If the formal queries return the correct results, the computable version of the ontology is considered complete and correct. It is recommended that the results from the queries should be checked by a domain expert.
For the case of graphical validation, the concept map created in the third phase is used as a reference frame to compare it with the implemented ontology. In order to materialise graphical validation, different snapshots of the implemented ontology can be captured using plugins like OntoGraf Plugin (2013) . This plugin generates diverse combinations of terms in the ontology.
Snapshots using the OntoGraf Plugin can be used for comparing the implemented ontology with the concept map. In case, if the ontology hierarchy is very complex, snap shots can be taken at different levels of the hierarchy and later be compared with the concept map to check for similarity. If homogeneity is found in between the two, then the implemented ontology is considered to be complete and correct. It is recommended that this activity should be performed under the supervision of a domain expert.
Discussion and results
In order to check effectiveness of the proposed approach, a case study was conducted based on developing ontology for the domain of Quran. The case study also required domain experts. For identifying domain experts, assistance was taken from the Department of Al-Quran and Al-Hadith, Academy of Islamic studies, University of Malaya, and Department of Quran and Sunnah studies, International Islamic University Malaysia.
In this section, we will demonstrate some results from the conducted study, so the readers can have an idea that how the proposed approach was exploited for developing the ontology. Following the proposed methodology, first step was to define the motivations scenarios and competency questions.
As it is widely known that Quran, the holy book of Muslims is a source of vast and diverse knowledge, it was essential to limit the scope of knowledge for the ontology to be developed. Therefore, the motivations scenarios and competency questions enables to limit the scope of ontology as well as give the readers an idea about the depth and breadth of knowledge encapsulated in the ontology. A total of 50 competency questions were developed for the case study. Table 1 shows an excerpt of competency questions developed for the Quran ontology. Table 1 Competency questions developed for the ontology
Competency questions
• Which surahs belongs Juz 30
• What is the English name of Surah 80
• What is the Arabic name of Surah 76
• What is the number of verses in Surah 97
• List those Surahs which were revealed in Makkah and Belong to Juz 30
• Which Surahs have verses greater than 20 but less than 35, belong to Juz 30 and revealed in Makkah
• List down all the names of Surah in English
• Which Surah has name 'The Cow' and where was it revealed?
• Which verse has the English translation "When there comes the help of Allah and the victory"?
• Which are the revelation places for Quran?
• Which surah has verse 110-01?
After the competency questions were developed, the next step was to automatically extract the concepts and relationships found in them. Figure 3 shows a sample of competency questions inputted to the engine. When the extraction was performed the candidate terms (concepts, instances and relationships) became available. Figure 4 and Figure 5 show the results of extraction performed on the competency questions. Important concepts, instances and relationships have been successfully identified and displayed. It can also be seen in the aforementioned figures that the extraction process took almost no time (response time), less than half of a second. This shows that the engine can considerably save both time and efforts. It can be imagined that if the list of competency questions is quite large, a lot of time and efforts can be saved. According to the proposed approach, after the extracted terms become available they were utilised by the map architect to create the concept map using the Cmap tool. Later on, a set of tasks (mentioned earlier) is applied to the created concept map and tabular output is obtained. Samples of the tabular output obtained from some of these tasks can be seen in Table 2, Table 3 , and Table 4 . Once the output from the tasks is obtained, the knowledge engineer implemented the ontology using any ontology editor. For this case study, Protégé IDE (2013) was used.
Obtaining the resulting ontology is not just enough. It is important to check that whether the implemented ontology fulfils the goals for which it was anticipated to meet. So, the implemented ontology was subjected to evaluation which was based on both, formal and graphical level. For applying formal validation all the competency questions prepared in the first phase were converted to their equivalent formal language. Table 5 shows an excerpt of the competency questions transformed to their equivalent formal query for this study. The converted queries were run in Protégé using the DL query tab. Snapshots of actual queries running in Protégé can be seen in Figure 6 and Figure 7 . It can be seen in the aforementioned figures that the 'query' section shows the inputted DL query while the 'query results' section shows the matching classes and individuals returned for the executed query. All the inputted queries returned correct answers, which were verified under the supervision of a domain expert. The results suggested that the ontology has been found to fulfil the requirements at the formal level. For materialising validation at the graphical level, multiple snapshots of the ontology were taken using the OntoGraf Plugin (2013) in Protégé. These snapshots presented the structure of ontology at different levels of the hierarchy demonstrating the relationships in between related concepts and relationships. Figure 8 and Figure 9 show some sample snapshots. The snapshots were compared with the concept map for similarity and coherence under the supervision of a domain expert. Finally, the ontology was declared correct at the graphical level.
The two-fold evaluation ensured that the developed ontology is not only capable of retrieving the intended knowledge, but is also correct with respect to hierarchal structure of concepts, instances and relationships in between them. This robust evaluation leaves no room for confusion, specifically from ontology designs emerging from concept maps because of their close structural resemblance with the actual structure of ontologies.
Conclusions
This paper presents a new approach for developing ontologies using the concept mapping technique. The proposed approach merged distinct ideas and techniques together in a novel way. The use of term extraction engine automated the process of identifying candidate terms for constructing the concept map. It eases and reduces the work of humans and enables them to focus on other important issues. The automatic extraction of terms saves both time and efforts. Moreover, the robust evaluation procedure is specifically tailored to comply with the ontology designs emerging from concept maps. It ensures that the implemented ontology is correctly built and fulfils its requirements specification.
However, there are some directions for future work to further improve and enhance the proposed approach. Currently, the language supported by the term extraction engine is English. Support for other languages like Malay, Indonesian and Spanish can be added. Furthermore, the evaluation phase can be made automatic which will result in further reducing the overall time for ontology development.
